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Equipment available : 

1 ) 

2 ) 

3) 

4 ) 

5) 

6 ) 

7) 

Equipment needed : t 

1) High gain dual beam cathode ray oscilloscope 

2) 1 A suitable photographic device for recording 

3) Functional amplifier for computations 

4) Polarographic electrodes 
Expendable Supplies : 

1) Animals and care of animals 

2) Chemicals 

3) Glassware 


Sanborn and Grass multichannel recorders 
Pressure and displacement transducers 
Flow meters 
Surgical instruments 

Beckman DU spectrophotometer with flame attachment 
High gain direct current amplifier 
A polarographic unit 
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Cardiac output was 
of Remington and Hamilton, 
the aorta, via a catheter, 
catheterized by way of the 
by the method of Van Slyke 


measured by the pulse pressure analysis method 
Blood samples were obtained anaerobically from' 
and from the great cardiac vein, which was 
coronary sinus. Blood gas analysis was accomplished 
and Niell. 


Cigarette smoke was administered by means of a positive pressure pump 
calibrated to deliver between 1200 and 1500 ml. of smoke in divided quantities 
over a thirty second period. Measurements were started one minute prior to 
the a dmin istration of cigarette smoke and continued throughout the cardiovas¬ 
cular response. 


The results of cigarette smoke adm in istration are indicated in Charts 1 
and 2. Chart 1 illustrates the electrocardiographic changes following cigarette 
smoke administration. Leads 1, 2 and 3 of the electrocardiogram and blood 
pressure are indicated. The time sequence of each section of the record, in 
seconds, appears in the lower portion of each section. Chart 2 illustrates 
the time sequence of the hemodynamic changes due to cigarette smoke. Upon 
a dmin istration of cigarette smoke there occurred an increase in cardiac output, 
blood pressure, and heart rate. This resulted in a marked increase in cardiac 
work. After 100 seconds, it was noted that there occurred a marked increase 
in the oxygen saturation of the coronary venous blood. There was no change in 
the oxygen saturation of the coronary arterial blood. As a consequence, there 
occurred a marked decrease in the coronary arterio-venous oxygen difference, 
hence, reflecting a marked decrease in the cardiac oxygen utilization. Coronary 
blood flow remained elevated above control levels throughout the experiment. 

The decrease in the oxygen utilization by the heart in the presence of a 
markedly increased work load is detrimental to adequate cardiac function is 
evidenced by the electrocardiographic alterations which occurred in close 
proximity to this event. 


Our prel im i n ary experiments justify further investigation of this 
problem. The consistency of our findings seem to indicate that the mechanism 
of the cardiac disturbances as a consequence of cigarette smoke appear to be 
due to a disturbance in the metabolic processes involved in the oxygen transport 
mechanism. Further experiments are planned for the further investigation of 
cigarette smoke, nicotine, and epinephrine. 

Our present data indicate that our methods are not sufficient to 
elucidate a clear definition of the myocardial effects of cigarette smoke. 

It would be advisable to study the myocardial oxygen tensions so as to clearly 
define the point at which there is interference with the oxygen utilization. 
Metabolic studies are also necessary if future experiments continue to indicate 
a metabolic disturbance. In addition, transmembrane and action potential of 
the myocardium during the smoke induced period of hyperexcitability would shed 
light upon its mechanism. 

Much of the necessary equipment is obtainable from the Department of 
Pharmacology. However, our present funds are not sufficient to permit purchase 
of the necessary equipment and supplies. 
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smoke to an anesthetized dog resulted in 1 an initial'increase in coronary 
blood flow. This was then followed by a reduction in the coronary blood flow, 
which was attributed to the release of posterior pituitary hormone containing the 
antidiuretic and vasopressor factor. Schmitthenner et al. ( 1956 ) found that an 
increased coronary blood flow resulted from the administratration of nicotine to 
the open chest anesthetized dog. 

On the basis of this data, it is very doubtful that the effects of 
cigarette smoke on the heart are due to constriction of the coronary arteries. 
Although the increase in the work of the heart may contribute to the cardiac 
effects of smoking, it is doubtful that this is the sole responsible agent, 
since it is not consistent with the observed responses. The effect of cigarette 
smoke on the dynamics and the metabolism of the myocardium are not clear pnii the 
many clinical manifestations are likewise not well understood. It is for this 
reason that it seemed worthwhile to study the time course of the dynamic and 
metabolic changes in the myocardium, including cardiac work, coronary blood flow, 
and oxygen metabolism' in the open chest anesthetized dog. 





The following is the experimental protocol and results of our preliminary 
experiments: Eighteen to 22 kgm. dogs were anesthetized intraperitoneally with : ; 

pentobarbital sodium (30 mgm./kgm. body weight). Tracheal cann ula s were inserted . ’ 7 ; 
and the animals maintained on room air by means of a positive pressure respirator. 

A metal sound of small diameter was inserted into the ascending aorta by way of a '.. 1 -* 7 ^. 
carotid artery and blood pressure was measured by means of a Statham blood pressure 
transducer. 

A left thorocotomy was performed between the fourth and sixth intercostal 
space. The pericardium' was incised over the left atrium, and the auricular 
appendage was grasped with' a serrefine and retracted from the field. A one 
centimeter section of the circumflex branch of the left coronary artery, one to 
three centimeters distal to its bifurcation with the anterior descending branch, 
was isolated and eannulated with polyethylene tubing. A Shipley rotameter was 
interposed between this point and a eannulated femoral artery. Heparin sodium 
was used as the anticoagulant. 

Blood pressure, cardiac output, coronary blood flow, and the electro- x : , i; 

cardiogram were recorded on a Sanborn Multichannel recorder. In addition, 
several simultaneous leads of the electrocardiogram and arterial blood pressure 
were recorded on a Grass Multichannel recorder. 


The work of the left ventricle was determined making use of the following 

formula: 

W = QR / Mv 2 
2 g 

W = Work of the left ventricle (kgm, M. per beat) 

Q s Mean cardiac output (cc. per beat) 

R = Aortic pressure (M. Hg.) 

M = Mass of blood ejected (Gms.) 

g = 9.8 

v/ Velocity of st^c^W^|9%\A^iTnSSStr^documents.ucsf.edu/ddcs/qsp1t)(j6Q ^ 
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Most evidence suggests that excessive cigarette smoke inhalation 
results in marked cardiovascular disturbances in the experimental animal, 
as well as in the normal person and patient with cardiovascular disease. 

The cardiovascular effects usually consist of an increase in blood pressure 
(Graybiel et al., 1938; Russek et al., 1955) and a change in heart rate (Heistand 
et al., 19 ^ 0 ), although in many instances electrocardiographic alterations 
XBryant et al., 1947, Graybiel et al., 1938 ), ballistocardiographic deterioration 
(Davis et al., 1953, 1955, Henderson, 1953), and occasional cases of tobacco 
induced angina pectoris have been reported (Boyle et al., 1947, Ralli et al., 
1928, Wilson et al., 1939)• The mechanism' by which cigarette smoke inhalation 
causes these marked cardiovascular alterations has been studied by numerous 
investigators. In general, it is agreed that these changes are indicative of 
myocardial ischemia as a result of either coronary artery spasm or an increase 
in the work load placed on the heart beyond the capacity of the coronary arteries 
tO' supply energy. In a study of angina pectoris due to cigarette smoking 
Cornwall (1934)', Wilson et al. ( 1930 ), and Ralli et al. ( 1938 ) suggested 
coronary artery spasm as the cause of the anginal attacks. Allbutt ( 1915 ) 
and Pickering et al. (1945) proposed that the myocardial effects occur as a . 
result of the increased work load placed on the heart. In a ballistocardio¬ 
graphic study Henderson (1953) and Davis et al.(1953) attributed the changes 
in the ballistocardiographic pattern to coronary vasoconstriction as result 
of the cigarette smoke. Furthermore, Davis et ad. ( 1956 ) suggested that the 
coronary vasoconstriction was due to the release of posterior pituitary hormone 
as a result of st im ulation of the supra optic nuclei by the absorbed nicotine. 
Wilson and Johnson (1939) and Bellet et al.(1949) suggested that the electro¬ 
cardiographic changes they observed were due to an increase in cardiac work. 

Boyle et ad. (1947) and Ahn and Gohle (1949) reported that both the increase 
in cardiac work and the coronary vasoconstriction were responsible for the 
myocardial effects of cigarette smoke. 

In our preliminary experiments a significant increase in cardiac work . 
was not a consistant finding. In several experiments marked electrocardio¬ 
graphic alterations occurred in the absence of a significant change in cardiac 
work. In addition, no correlation was noted between the severity of the 
electrocardiographic disturbances and! the degree of change in cardiac work. 
Henderson (1953) and' Levy et ad. ( 19 ^ 7 ) reported that increases in blood 
pressure did not occur in all cases in which the cardiac effects were observed, 
indicating that an increase in cardiac work was not the consistant' cause of the 
observed distress. The lack of correlation between the elctrocardiographic and 
the ballistocardiographic effects of cigarette smoke inhalation, and the in¬ 
creases in cardiac work would tend to limit it as a possible explanation of 
the changes seen. 

Although a decrease in coronary blood flow due to coronary vaso¬ 
constriction has been suggested as a possible cause of the myocardial effects 
of cigarette smoke, there is no evidence to justify this hypothesis. Laubry 
et al. ( 1933 ) measured the coronary blood flow in an isolated rabbit heart 
and found that nicotine caused an increase in the coronary blood flow. Only 
in> toxic doses was there a diminution of the blood flow in the coronary 
vasculature. Bulbring et al. (1949) found that administration of cigarette 
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ACTION OF CIGARETTE SMOKE OK CARDIOVASCULAR HEMODYNAMICS . Gerald A. Kien*, 
Norman Lasker* and Theodore R. Sherrod. Dept, of Pharmacology, Univ. of 
Illinois College of Medicine, Chicago. Fed. Proc., 16:1,312,1957. 


There is considerable controversy concerning the action of cigarette 
smoke on cardiovascular hemodynamics. This study was designed to determine 
such actions of cigarette smoke in the open-chest pentobarbitalized dog in 
which blood pressure, cardiac output, coronary blood flow, cardiac oxygen con¬ 
sumption, cardiac work and the electrocardiographic effects were measured. 
Immediately following the administration of 1200-1500 cc of cigarette smoke, 
making use of a standard "king sized" nonfiltered cigarette, the smoke being 
administered by a specially calibrated smoking device, there was a brief but 
marked slowing of uhe heart followed by a sustained pressor response. These 
effects were attributed to autonomic ganglionic stimulation by the absorbed 
nicotine from the cigarette smoke. The time course of the hemodynamic 
responses indicated an early increase ini cardiac work which extended over 
a 3”En-n period. The coronary blood flow, was elevated in relation' to the 
rises in both blood pressure and cardiac output. NO 1 independent action of 
cigarette smoke on the coronary vessels was observed. The coronary arterio¬ 
venous oxygen difference decreased markedly at first. This was then followed 
by a prolonged increase in the coronary arteriovenous oxygen difference. As 
a consequence, initiaJILy the cardiac oxygen utilization was reduced during 
the period of a greatly elevated cardiac work. This decrease in cardiac oxygen 
utilization was: then followed by a sustained increase. These alterations 
may be explained on the basis of metabolic changes in the myocardium. That 
such effects are detrimental to adequate cardiac function is suggested by the 
extreme electrocardiographic alterations incident to the changes in oxygen 
utilization during the period of elevated cardiac work. 
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